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substrate (22) and withdrawing air, or other fluid medium, to 
establish a vacuum under the substrate such that the sheet 
layer vacuum forms over and adheres to the substrate. 

ADVANTAGE 

The process completely avoids the need for usual paint 
facilities in an assembly plant, since the prepainted carrier 
film may be vacuum formed directly on to vehicle body 
panels in a simple and automated procedure. 

EMBODIMENT 

In step (a) , subsequent to the application of the coat of 
paint to the top surface of the sheet layer , a layer of flexible 
clear coat is applied to the top surface of the painted sheet 
layer. Then baking of the sheet layer is effected for a 
sufficient time to cure the paint and layer of clear coat. 
The substrate (22) has a front surface contoured to define 
a portion of the exterior surface of an automobile. 

The substrate (22) is formed from a reaction precursor 
of urethane, a reaction precursor of polyamide (nylon), a 
glass fibre reinforced sheet moulding compound, an injection- 
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Automobile body contains body panels each consisting of an 
external sheet layer (20) and an underlying substrate (22). 
The sheet layer (20) has a top surface that is painted a 
predetermined colour and a bottom surface that is bonded 
to the underlying substrate (22), such that the panels have 
the same colour appearance when mounted on a vehicle. They 
are formed by 

(a) applying a durable coat of paint of a predetermined 
colour to the top surface of the sheet layer (20) and baking 
for a sufficient length of time to adequately cure the paint; 

(b) coating the bottom surface of the sheet layer (20) 
with a layer of adhesive that is activated when heated ; 

(c) heating the sheet layer (20) to a temp, at which the 
sheet layer becomes sufficiently pliable for vacuum forming 
and the adhesive layer has become activated; and 

(d) positioning the heated sheet layer (20) over the 
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mouldable thermoplastic material or a metallic material. 

The sheet layer (20) forms a facing sheet over the 
entire front surface of the substrate (22) and is contoured 
in detail with the contour of the front surface of the 
substrate (22). The sheet layer and the applied paint 
together form a laminate comprising a thermoplastic inner 
sheet having a thickness of at least 0.05 mm and at least 
one layer of a pigmented paint on the outer surface of the 
thermoplastic inner sheet. 

The layer of adhesive is evenly distributed between the 
substrate and the sheet layer and forms a permanent bond 
sufficiently strong to withstand automobile operating 
conditions and enviroments. (7ppl684BKPDwgNo4/8). 
(E) ISR: No Search Report. 




® 1988 DERWENT PUBLICATIONS LTD. 
1 28, Theobalds Road, London WC1 X 8RP, England 
US Office: Derwent Inc. Suite 500. 6845 Elm St. McLean, VA 221 01 
Unauthorised copying of this abstract not permitted. 



THIS 



PAGE BLANK i" 8 ™ 



® 



Ofl 



ropaisches Patentamt 
ropean Patent Office 
Office europeeo des brevets 



© Publication number: 



0 251 546 

A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 87305306.0 
© Date of filing: 16.06.87 



© int. CI. 4 : B29C 51/16 



® Priority: 02.07.86 US 881344 

© Date of publication of application: 
07.01.88 Bulletin 88/01 

© Designated Contracting States: 
DE FR GB IT 



© Applicant: GENERAL MOTORS CORPORATION 
General Motors Building 3044 West Grand 
Boulevard 

Detroit Michigan 48202(US) 

© Inventor: Cox, Howard W. 
2766 Heathfield 

Birmingham Michigan 48010(US) 
Inventor: Mentzer, Charles C. 
18843 Medford 

Birmingham Michigan 48009(US) 
Inventor: Short, William T. 
18595 Framingham Street 
Southfield Michigan 48076(US) 

© Representative: Breakwell, John Neil Bower et 
al 

GM Patent Section Vauxhall Motors Limited 
Luton Office (F6) P.O. Box No. 3 Kimpton 
Road 

Luton Bedfordshire LU2 OSY(GB) 



© Making automobile body panels having applied painted carrier films. 



© A method of making automobile body panels 
having applied painted carrier films comprises pro- 
ducing a pre-painted carrier film (20) and applying 
the same to an automobile body panel (22) in a 
vacuum-forming procedure involving the use of heat 
sufficient to render the film sufficiently pliable and 
additionally to activate an adhesive layer coated on a 
bottom surface of the carrier film. 
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MAKING AUTOMOBILE BODY PANELS HAVING APPLIED PAINTED CARRIER FILMS 



This invention relates to a method of making 
automobile body panels. 

Automobile body panels are traditionally made 
or sheet metal or plastics material painted with 
layers of pigmented paints. The painting procedure 
for these panels requires elaborate facilities, and 
consequently involves heavy expense. For in- 
stance, a large area of floor space must be main- 
tained in a clean-room environment for the spray- 
ing of paint and clear coat, and for the baking and 
curing of such paint and clear coat on the body 
panels. Moreover, solvent-based paints have come 
to be considered undesirable in recent years be- 
cause of environmental concerns. As a conse- 
quence, the evaporation of such solvents must be 
strictly controlled. 

The present invention is concerned with a 
method of making automobile body panels which 
permits elimination of the entire painting procedure 
in an automobile assembly plant. 

To this end a method in accordance with the 
present invention comprises the combination of 
features specified in claim I. 

The method in accordance with the present 
invention- thus involves the production of pre-paint- 
ed carrier films which are then applied to auto- 
mobile body panels. The method of applying the 
pre-painted carrier film to an automobile body pan- 
el can be automated for a production process. 

By the use of the present invention, pre-paint- 
ed carrier films can be applied to vehicle body 
panels such that all the body panels mounted on 
an automobile or other vehicle are colour-matched 
within an acceptable tolerance. This offers the pos- 
sibility of improving the paint colour match on a 
vehicle. 

In a preferred embodiment of a method in 
accordance with the present invention, a method of 
appiying pre-painted carrier films to automobile 
body paneis such that all the body paneis have the 
same colour appearance can be carried out by the 
following operative steps. Firstly, a layer of a pig- 
mented paint is applied to a plastics film having 
sufficient thickness and rigidity. A layer of clear 
coat may optionally be applied on top of the paint 
layer to further improve the appearance. The un- 
coated side of this plasties film is then coated with 
a layer of an adhesive that can be heat-activated. 
This pre-painted carrier film is then heated in an 
oven to a temperature at which the plastics film 
became sufficiently pliable for ;t to be vacuum- 
formed. The temperature must also be sufficiently 
high to activate the adhesive layer on the back of 
the pre-painted film. The resulting heated pre-paint- 
ed film is then positioned over a substrate for a 



body panel in a vacuum-forming device. Air is 
withdrawn from under the pre-painted fiim such 
that the film thereby wraps around and adheres to 
the substrate without forming defects such as air 
5 bubbles. 

In an alternative embodiment vacuum holes are 
drilled into a supporting buck for the substrate -in 
such a way that a heated film edge-wraps the 
substrate so that the edges of the substrate are 
io covered by pre-painted film. After the excess film 
has been trimmed away from the substrate along 
the edges of the part, a completed automobile 
body panel with a painted surface is thereby ready 
for assembly to an automobile. 
75 Amongst the prior art, US-A-4 496 628 dis- 

closes a laminate for the protection of motor ve- 
hicle bodies, for example rocker panels and adja- 
cent parts, from abrasion damage, and US-A-3 551 
232 discloses a method of vacuum-forming lami- 
20 nated articles, for example decorative layers which 
are to be adhesively bonded to a substrate to 
provide structures such as interior automobile pan- 
els and glove compartment doors. 
In the drawings: 
25 Figure I is a schematic view of a vacuum- 

forming arrangement wherein a pre-painted carrier 
film is stretched over a substrate to be covered; 

Figure 2 is a schematic view similar to Fig- 
ure I but showing the effect of applying vacuum 
30 from the bottom of a forming box to draw the pre- 
painted carrier film down on to the substrate; 

Figure 3 is a schematic view similar to Fig- 
ure I but showing the pre-painted carrier film- com- 
pletely covering the substrate under the effect of 
35 the vacuum; 

Figure 4 is a schematic view similar to Fig- 
ure 1 but showing the pre-painted carrier film drawn 
down eveniy over the edges of the substrate; 

Figure 5 is a schematic view showing an 
40 alternative embodiment in whicn a support buck, an 
inner box and an outer vacuum box are used: 

Figure 6 is a schematic view similar to Fig- 
ure 5 but showing the effect of applying vacuum 
under the support buck after the inner box has 
45 been raised: 

Figure 7 is a schematic view similar to Fig- 
ure 5 but showing a pre-painted carrier fiim 
stretched down to cover the substrate and the 
sides or the inner box; and 
50 Figure 8 is a schematic view simiiar to Fig- 

ure 5 cut showing the support buck ;n a lowered 
position for edge-to-edge wrapping of the sub- 
strate. 
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With reference now initially to Figure I of the 
drawings, wherein a vacuum-former fO is - 
schematically shown, the vacuum-former 10 com- 
prises a vacuum box (2, a stretcher frame 14, a 
vacuum port 16 and a support buck 18. A pre- 
painted carrier film 20 is first loaded into the 
stretcher frame 14 with the paint side up, and a 
substrate 22 which is to be covered by the pre- 
painted carrier film 20 is loaded on to the support 
buck 18. The support buck 18 is mounted on a 
vacuum plate 24 for the evacuation of air trapped 
under the pre-painted carrier film 20. 

The substrate 22 may be constructed of any 
suitable material, such as a reaction precursor of 
urethane, a reaction precursor of polyamide 
(nylon), a glass fibre-reinforced sheet moulding 
compound, an injection-mouldable thermoplastic 
material or a metallic material. 

Examples of carrier films which have proved 
suitable are an extruded polyurethane film supplied 
by Dow Chemical Company, and a thermoplastic 
polyester film supplied by Eastman Chemical Pro- 
ducts. The thickness of the film is approximately 
0.25 mm (0.0I0 inch). The rear surface of the film 
was coated with a commercial acrylic contact ad- 
hesive capable of being activated at a temperature 
of I38°C (280°F). The carrier films were coated by 
means of a spray painting technique with a red 
maple metallic paint supplied by PPG Industries 
under the trade mark Durethane I0l. The size of the 
film samples used was approximately 60 cm x 60 
cm. The carrier films were hand-sprayed to an 
average coating thickness of between 0.025 and 
0.I0 mm (0.00I and 0.004 inch). The cure conditions 
used for these pre-painted carrier films were a 
temperature of II0°C and a time of 30 minutes. 

As is shown in Figure I. the pre-painted carrier 
film 20 is clamped into the stretcher frame 14, 
which can be moved horizontally into an oven (not 
shown) for heating. An oven equipped with quartz 
heaters can for example be used for rapid heating 
of the film to a temperature of approximately I49°C 
(300°F). An optical thermometer is conveniently 
used to monitor the surface temperature of the film 
in the oven. Once the surface temperature reaches 
the desirable forming temperature, the stretcher 
frame 14 is rapidly moved out of the oven and 
positioned over the top of the vacuum box 12. 

Figure 2 shows a heated pre-painted carrier 
film 20 sagging from its clamped position into the 
vacuum box 12. Vacuum is then applied imme- 
diately to the bottom of the vacuum box 12 by way 
of the vacuum port 16. to evacuate air trapped 
under the carrier film 20. 



Figure 3 shows that as air is evacuated from 
the vacuum box 12, the pre-painted carrier film 20 
is drawn down further on to the substrate 22 to 
cover the entire surface. The carrier film 20 sticks 
5 to the substrate on contact by the acrylic adhesive 
backing. 

Figure 4 shows the final stage of the vacuum- 
forming process, wherein more air is evacuated 
from the vacuum box 12. The film 20 is thereby 
ro drawn down evenly over the edges of the support 
box 18. The substrate 22 with the pre-painted car- 
rier film 20 adhered to it can then be removed from 
the vacuum box 12, for excess film to be trimmed 
off along the edges of the substrate. 

75 In the alternative embodiment which is shown 

in Figures 5 to 8, a movable support buck and a 
movable inner vacuum box are used instead of the 
stationary support buck used in the previous em- 
bodiment. This is shown in Figure 5, according to 

20 which a movable support buck 40 and a movable 
inner box 42 are mounted inside an outer vacuum 
box 44. Both the support buck 40 and the inner 
box 42 are mounted on air cylinders which permit 
movement up and down as desired. Figure 5 also 

25 shows a pre-painted carrier film 46 mounted in a 
stretcher frame 48 which can be moved rapidly into 
and out of a heater 50. With reference to Figure 5, 
at the start of a forming cycle a substrate 52 for a 
body panel is placed on the support buck 40 with 

30 the support buck 40 in its 'up* position. The pre- 
painted carrier film 46 is prepared essentially as jn 
the previous embodiment. The carrier film 46 Js 
placed under the heater 50 until the surface tem- 
perature of the film reaches a temperature of 149 °C 

35 (300 °F) and the film starts sagging. The film is 
then rapidly moved out of the heater 50 and posi- 
tioned over the vacuum box 44. The support buck 
40 is rapidly raised, such that the carrier film 46 
touches the highest point of the substrate 52. Air is 

40 withdrawn through the vacuum port 56 to evacuate 
air trapped under the carrier film 46. The air is 
evacuated around the edges of the substrate 52 by 
way of vacuum holes 58 drilled in the top edge of 
the support buck 40. 

<5 Figure 7 shows a condition in which the pre- 

painted carrier film 46 continues to be drawn down 
on to the substrate 52. and adheres to it on contact 
with no air entrapment. As the carrier film 46 
reaches the edges of the substrate 52 and coniin- 

50 ues to be drawn down on to the sides of the 
support buck 40, a stretched film section is created 
between the edges of the substrate and the sides 
of the support buck 40. 

As is shown in Figure 8. in the final step of the 

55 stretch-forming process the support buck 40. with 
the substrate 52 in position on it, is lowered 
through a distance of approximately 25mm (one 
inch), to cause the stretched carrier film 46 to 



3 



5 



0 251 546 



6 



droop at 60. As air is meanwhile being continu- 
ously withdrawn from the cavity between the sup- 
port buck 40 and the inner box 42, the stretched 
carrier film 46 is drawn under the substrate 52 at 
62, where it adheres on contact to the rear edges 5 
64 of the substrate 52. This last step of the stretch- 
forming process, wherein the support buck 40 and 
the substrate 52 are both lowered, accomplishes an 
important task of edge-wrapping the carrier film to 
the rear surface of the substrate. This procedure, w 
when carried out in an automated manner, repre- 
sents a great saving in the manual labour otherwise 
required to edge-wrap each substrate. The sub- 
strate with the pre-painted carrier film adhered to it 
may then be removed for a trimming operation. 75 

During the stretch -forming process, a deforma- 
tion of between 30% to 150% has been noted in the 
stretched carrier film when the film sags after heat- 
ing and is then drawn by the vacuum action on to 
the substrate. The contour of the substrate and its 20 
orientation largely determine the localised deforma- 
tion of the carrier film. 

The addition of a clear coat layer to the pre- 
painted carrier film before the vacuum-forming pro- 
cess has been found to produce a great improve- 25 
ment in the colour appearance of the vacuum- 
formed carrier film on a substrate. For this purpose 
it is possibla to use a flexible clear coat supplied 
by PPG Industries under the designation URC-1000 
at a thickness of 0.025 mm (0.001 inch). 30 

To achieve proper curing of a coating contain- 
ing a clear-coat top layer, it is necessary to add 
5% by weight of an aromatic sulphonic acid cata- 
lyst solution such as that supplied by PPG under 
the designation PPG 900-1616. This allows the 35 
clear-coat layer to cure under the same conditions 
as the Durethane 101 topcoats. In some cases a 
clear coat may be applied to the top of a carrier 
film after vacuum-forming, for even better results. 

In one test, in which a clear coat was applied 40 
on top of a pre-painted carrier film before vacuum- 
forming, the gloss level fat a temperature of - 
6.7°C/20°F) of the final product was increased 
from a value of 15 when no clear coat was used to 
a value of 65 when a clear coat was used. The 45 
level of haze (at a temperature of -I6.7°C/2°F) was 
drastically reduced from a value of 60 to a value of 
less than 5 in the same samples. The gloss read- 
ings were obtained on a Hunter 20° portable gloss 
meter. The haze values were obtained by the use 50 
of a Hunter Dori-gon model D47-6 abridged 
goniophoiometer. 

It will be evident from the foregoing that when 
an improvement in the gloss level of a finished 
product is desired, a thin layer of clear coat may 55 
be applied to the pre-painted carrier film either 
before or after the vacuum-forming process. In a 



volume production system such as is used in the 
automotive industry, it will generally be more desir- 
able to apply a clear coat on top of a pre-painted 
carrier film before the stretch-forming process. 

It is possible for large rolls of carrier film to be 
coated with a pigmented paint layer and a clear- 
coat layer and baked through a baking cycle to 
cure both the paint layer and the clear coat-layer. 
The resulting roll of coated film may then be stored 
for future use when such colour is required on a 
vehicle body panel. 

The present invention completely avoids the 
need for the usual paint facilities in an automobile 
assembly plant, since the pre-painted carrier films 
may be vacuum-formed directly on to vehicle body 
panels in a simple and automated procedure. 

In the preferred embodiment, this results from 
the described procedure involving pre-painting the 
external sheet layer 20 with a durable paint on the 
top layer, and, after the bottom surface has been 
coated with an adhesive layer, thermo-forming the 
external sheet layer under vacuum on to the rigid 
substrate layer 22. 

Claims 

1. A method cf making a plurality of automobile 
body panels each comprising an external sheet 
layer (20) and an underlying substrate (22), the 
sheet layer (20) having a top surface that is painted 
to a predetermined colour and a bottom surface 
that is bonded to the underlying substrate (22), 
such that the panels have the same colour appear- 
ance when mounted on a vehicle, the method 
comprising the steps of: 

a) applying a durable coat of paint of a 
predetermined colour to the top surface of the 
sheet layer (20) and baking for a sufficient length of 
time to adequately cure the paint: 

b) coating the bottom surface of the sheet 
layer (20) with a layer of an adhesive that is ac- 
tivated when heated; 

c) heating the sheet layer (20) to a tempera- 
ture at which the sheet layer (20) becomes suffi- 
ciently pliable for vacuum-forming and the adhe- 
sive layer has become activated; and 

d) positioning the heated sheet layer (20) 
over the substrate (22) and withdrawing air. or 
other fluid medium, to establish a vacuum under 
the substrate (22) such that the sheet layer (20) 
vacuum-forms over and adheres to the substrate 
(22). 

2. A method according to claim 1. characterised 
in that in step a), subsequent to the application of 
the coat of paint to the top surface of the sheet 
layer (20). a layer of flexible clear coat is applied to 
the top surface of the painted sheet layer (20), and 
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thereupon the baking of the sheet layer (20) is 
effected for a sufficient length of time to adequately 
cure the coat of paint and the layer of ciear coat 

3. A method according to claim I or 2, charac- 
terised in that the substrate (22) has a front surface 
contoured to define a portion of the exterior surface 
of an automobile. 

4. A method according to any one of claims I 
to 3, characterised in that the substrate (22) is 
formed from a reaction precursor of urethane, a 
reaction precursor of polyamide (nylon), a glass 
fibre-reinforced sheet moulding compound, an 
injection-mouldable thermoplastic material or a me- 
tallic material. 

5. A method according to any one of claims I 
to 4, characterised in that the sheet layer (20) 
forms a facing sheet disposed over the entire front 
surface of the substrate (22) and contoured in 
detail in conformance with the contour of the front 
surface of the substrate (22). 

6. A method according to any one of claims I 
to 5, characterised in that the sheet layer (20) and 
the applied coat of paint together form a laminate 
comprising a thermoplastic inner sheet having a 
thickness of at least 0.05 mm and at least one 
layer of a pigmented paint on the outer surface of 
the thermoplastic inner sheet. 

7. A method according to any one of claims I 
to 6, characterised in that the layer of adhesive is 
evenly distributed between the substrate (22) and 
the sheet layer (20) and forms a permanent bond 
sufficiently strong to withstand automobile operat- 
ing conditions and environments. 

8. An automobile body which contains body 
panels each having substantially the same colour 
appearance, the automobile body comprising: 

a substrate (22) having front and back 
surfaces, with the front surface of the substrate - 
(22) being contoured to define a portion of the 
exterior surface of an automobile, and the substrate 
(22) being formed from a reaction precursor of 
urethane, a reaction precursor of polyamide 
(nylon), a glass fibre-reinforced sheet moulding 
compound, an injection-mouldable thermoplastic 
material or a metallic material: 

a facing sheet layer (20) disposed over the 
entire front surface of the substrate (22) and con- 
toured in detail in conformance with the contour of 
the front surface of the substrate (22), the facing 
sheet layer (20) being a laminate comprising a 
thermoplastic inner sheet having a thickness of at 
least 0.05 mm and at least one layer of a pigmen- 
ted paint on the outer surface of the thermoplastic 
inner sheet: and 

an adhesive layer evenly distributed between 
the substrate (22) and the facing sheet layer (20) 



and forming a permanent bond sufficiently strong 
to withstand automobile operating conditions and 
environments. 
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